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in  June  1979.  The  experimental  data  are  contained  in  notebooks  9833  and  9963.  Pathological  infonnation 
is  recorded  in  a  pathology  accession  book  and  in  a  yearly  protocol  book  and  is  placed  on  file  in  the 
Comparative  Pathology  and  Surgery  Branch,  Veterinary  Medicine  Division,  US  Army  Medical  Research 
Institute  of  Chemical  Defense,  Aberdeen  Proving  Ground,  Maryland  21010. 
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of  the  Guide  for  Laboratory  Animals’  Facilities  and  Care  of  the  Institute  of  Laboratory  Animal 
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Acknowledgments 

The  authors  sincerely  acknowledge  the  contributions  of  Mr.  Clarence  Hopkins,  Sr.,  Mr. 
Frank  Tittle,  and  Miss  Sharon  Wriley  for  their  assistance  with  necropsies  and  autopsies;  Mr.  Paul  Jacobs 
and  Mr.  Janies  E.  McWayne  for  the  care  of  animals:  and  Mrs.  Judith  Brogan  for  the  typing  of  the 
draft  report. 


r4  ci 


-f4-i.*rC--*. 


CONTENTS 


Page 

1  INTRODUCTION .  7 

2  MATERIALS  AND  PROCEDURES . .  7 


2.1  Materials .  7 

2.1.1  Animals .  7 

2.1.2  Housing . 7 

2.1.3  Food .  7 

2.1.4  Chemicals .  7 

2.1.5  Exposure  Chamber .  8 

Procedures .  8 

.1  Teratology  Screen  . .  9 

2.2.2  Dominant  Lethal  Mutation  Screen .  10 

2.2.3  Single-Generation  Study  .  11 

3  RESULTS . 11 

3.1  Teratology .  11 

3.2  Dominant  Lethal  Mutation .  12 

3.3  Single  Generation .  14 

4  DISCUSSION .  17 

5  SUMMARY .  18 

LITERATURE  CITED .  19 

DISTRIBUTION  LIST .  21 


Preceding  Page  Blank 


5 


.-v  •  .mi** '  3a® 


h-mu 


WHITE  PHOSPHORUS-FELT  SMOKE:  EFFECTS  ON 
REPRODUCTION  IN  THE  1  AT 


l.  INTRODUCTION 

The  effectiveness  of  white  and  red  phosphorus  in  generating  smokescreens  has  been  increased 
by  the  addition  of  butyl  rubber  plasticizers  and  felt.  Unprotected  troops  in  training  exercises  or 
combat  are  likely  to  inhale  the  smoke  once  a  screen  has  been  deployed.  For  this  reason,  it  is 
imperative  that  the  toxicity  and  health  hazards  of  the  smoke  be  known.  Included  in  these  categories 
would  be  the  effect  of  smoke  on  mammalian  reproductive  and  developmental  processes;  i.e.,  teratogenic 
potential. 


Although  there  are  data  in  the  literature  citing  some  of  the  signs  of  phosphorus  poisoning,1  >2 
there  is  no  information  available  on  the  effects  of  white  phosphorus  (WP)  smoke  or  white  phosphorus-felt 
smoke  on  mammalian  reproduction.  To  provide  such  data,  personnel  in  this  laboratory  initiated  studies 
to  evaluate  the  potential  for  inhaled  white  phosphorus-felt  smoke  to  produce  teratogenic  and  dominant 
lethal  mutation  (DLM)  effects  and/or  adversely  affect  reproduction  in  a  single  generation. 

r 

2.  MATERIALS  AND  PROCEDURES 

2.1  Materials. 

2.1.1  Animals. 

Sustained-barrier,  pathogen-free,  random-bred  colony  rats,  AMRI:(SDxWI),  were  obtained  from 
Veterinary  Resources  Branch,  Veterinary  Medicine  Division,  US  Army  Medical  Research  Institute  of 
Chemical  Defense,  Aberdeen  Proving  Ground,  Maryland  21010. 

2.1.2  Housing. 

The  rats  were  housed  in  an  air-conditioned  building  in  a  1250  ft2  room.  The  temperature 
was  70.75°F  ±  5.37°  and  the  humidity  was  46.43%  ±  14.44%.  The  lighting  was  manually  controlled: 
10  hours  of  light  and  14  hours  of  dark.  The  housing  cages,  Model  18730,  were  made  of  19  by  10.5 
by  8.5-inch  polycarbonate  plastic.  The  cages  were  obtained  from  Laboratory  Products,  Inc.,  Garfield, 

New  Jersey.  The  bedding  that  was  used  was  San-i-cel,  which  was  obtained  from  Paxton  Processing 
Company,  Inc.,  Laurel  Farm,  White  House  Station,  New  Jersey. 

2.1.3  Food. 


The  food  that  was  used  was  Wayne  mouse  and  rat  diet  and  it  was  obtained  from  Allied 
Mills,  Inc.,  Chicago,  Illinois.  Tap  water  was  contained  in  Nalgene  polypropylene  bottles  which  were 
obtained  from  J&E  Berge,  Inc.,  South  Plainfield,  New  Jersey.  Food  and  water  were  available  ad  lib. 

2.1.4  Chemicals. 

Smoke  was  generated  from  electrically  ignited  felt  pellets  Impregnated  with  white  phosphorus. 
Chamber  concentrations  were  controlled  by  varying  the  size  of  the  pellets  and  monitored  by  chemical 
analysis  of  bubbler  samplers.  The  concentrations  to  which  rats  were  exposed  were  0, 500,  and  1 ,000  mg/m3. 
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2.1.5  Exposure  Chamber. 

A  20, 000-liter  cylindrical  exposure  chamber  was  used.  The  cages  that  were  used  for  exposure 
were  stainless  steel,  and  they  were  compartmentalized  to  hold  10  rats  each.  The  cages  were  placed  on 
racks  inside  the  chamber.  The  chamber  temperature  was  76^  ±  6.44°,  and  the  relative  humidity  was 
45 7c  t  29.27c . 


2.2  Procedures. 

The  studies  on  reproduction  reported  here  were  conducted  in  a  manner  that  insured  coverage 
of  specific  events  in  the  reproductive  cycles  of  male  and  female  rats  that  were  considered  essential  to 
each  study  (i.e..  spermatogenesis,  oogenesis,  copulation,  organogenesis,  gestation,  birth,  and  postnatal 
care  and  development).  In  both  the  dominant  lethal  mutation  and  the  single-generation  studies, 
13-week*old  male  rats  were  exposed  to  smoke  or  control  air  15  minutes/day.  5  days/week,  for  10 
consecuti  e  weeks  prior  to  mating.  This  period  incorporated  a  complete  cycle  of  spermatogenesis. 
Females  in  the  single-generation  study  were  exposed  for  3  weeks  (15  minutes/day,  5  days/week),  prior 
to  mating  to  cover  4  to  5  estrus  cycles.-^  Both  the  males  and  the  females  were  exposed  during  their 
mating  pen  >d.  The  females  were  exposed  throughout  their  periods  of  gestation  (21  days),  and  they 
and  their  neoi.'te?  were  exposed  until  the  neonates  reached  the  weaning  age  of  21  days  (figure  1). 


DOSING  PERIOD  (FEMALES) 

0  1 

2  3  4  5  6? 

1  1  1  1  1  1 

8  9 
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H — L 

1 - -_L - 

1  | 
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Figure  I.  Exposure  Chart  for  Dominant  Lethal  Mutation  and  Single-Generation  Studies 
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In  the  teratology  study,  pregnant  females  wen?  exposed  for  15  minutes/day  on  10  consecutive 
days  beginning  on  day  six  of  gestation.  This  is  the  period  of  organogenesis  in  the  rat  (figure  2)  when 
the  fetus  is  most  sensitive  to  teratogens.4 


DAYS 

0  2  4  6  8  10  12  14  15  16  20  21 


DAY  OF  EUTHANIZATION 

Figure  2.  Chart  of  Events  for  Teratology  Study  in  the  Rat 


Teratology  Screen. 


Each  of  45  12-week-old  males  was  mated  to  two  12-week-old  virgin  females.  The  exact  day 
of  insemination  was  determined  by  the  presence  of  sperm  in  the  vaginal  washings  of  the  females.  The 
females  were  checked  for  sperm  each  morning.  The  day  on  which  sperm  was  found  in  the  washings 
was  considered  day  zero  of  gestation.5 


Females  found  to  contain  sperm  in  their  washings  were  assigned,  two  at  a  time,  to  the 
control  group  or  one  of  the  two  dose  groups  until  there  were  24  each  in  the  control  and  low-dose 
group  and  36  in  the  high-dose  group.  Male  rats  from  these  matings  were  then  used  as  the  proven 
males  in  the  PLM  study. 


The  exposure  period  for  the  inseminated  females  began  on  the  calculated  sixth  day  of 
pregnancy  and  continued  15  minutes  per  day,  for  10  days,  to  the  15th  day  of  pregnancy.  On  day 
20  of  gestation,  20  dams  in  each  exposure  group  were  sacrificed  and  the  fetuses  were  delivered  by 
Caesarean  section.  The  data  recorded  were  the  total  number  of  implantation  sites  in  each  uterine 
horn,  the  number  of  viable  fetuses,  and  the  number  of  resorptions.  Upon  removal  from  the  uterus, 
each  fetus  was  examined  grossly  for  external  abnormalities  and  then  sexed  and  weighed.  Half  of 
each  litter  was  placed  in  959?  ethanol  and  the  other  half  of  the  litter  was  placed  in  Bonin’s  fixative 
and  later  examined  for  visceral  abnormalities  using  the  serial  sectioning  technique  of  Wilson.4  Fetuses 
in  ethanol  were  eviscerated  at  a  later  date  and  stained  with  alizarin  red  for  evaluation  of  the  skeletal 
system.  This  is  a  modification  of  the  staining  method  by  Hurley.6  The  experimental  design  appears 
in  table  1. 
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Tabic  I .  Experimental  Design  for  Smoke  WP-FeH  Teratology  Screen 


Treatment 

Number 

mated 

Number 

pregnant 

Exposure 

Remarks 

Control  (air) 

24 

20 

Days  6  to  15 
of  gestation 

Twenty  females  were  euthanatized 
on  day  20  of  gestation.  Fetuses 
were  Fixed  or  stained  and 
examined  for  visceral  or  skeletal 
abnormalities 

500  mg/m3 

24 

20 

Days  6  to  15 
of  gestation 

1,000  mg/m3 

24 

-  -  ! 

18 

Days  6  to  15 
of  gestation 

2.2.2  Dominant  lethal  Mutation  Screen. 

Twelve  of  the  proven  males  from  the  teratology  screen  were  randomly  assigned  to  each  of 
the  study’s  three  exposure  levels.  Each  group  was  exposed  for  10  weeks  to  the  control  atmosphere  or 
the  500  or  1000-mg/m3  WP-felt  smoke  for  15  minutes/dav,  5  days/week.  During  the  week  following 
the  exposure  period,  each  male  was  housed  for  5  days  with  two  12-week-old  virgin  females  for  mating. 
These  females  were  then  removed.  During  the  second  week  after  exposure,  the  males  were  housed  for 
mating  with  a  second  pair  of  virgin  females  for  5  days  and  then  separated.  The  females  were 
euthanatized  ! !  days  after  their  respective  separation  from  the  males.  At  that  time,  they  were  outopsied 
to  ascertain  pregnancy  and  to  record  numbers  of  viable  fetuses,  fetal  deaths,  and  corpora  lutea,  which 
were  analyzed  using  Student’s  “t”  test,  the  Frecman-Tukey  arc  sine  transformation  followed  by 
Student’s  “t”  test,  and  chi  square,  respectively.  The  experimental  design  appears  in  table  2. 


Table  2.  Experimental  Design  for  Dominant  Lethal  Mutation  Screen 


Group 

Number  of 
males  exposed 
for  1 0  weeks 

Number  of 
exposed  males 
used  for  mating 

Number  of 

line?  posed  females  mated 
to  exposed  males. 

1st  week 
after  exposure 

Number  of 

unexposed  females  mated 
to  exposed  males, 

2d  week 
after  exposure 

Air  control 

10 

10 

20* 

20* 

Low  dose, 

500  mg/m3 

18** 

10 

20+ 

20* 

High  dose. 

1 ,000  ntg/m3 

18*"* 

10 

20+ 

20* 

*  Females  euthanatized  on  day  19  after  initiation  of  mating  and  examined  for  fetal  deaths  and  live  implants. 

f+Due  to  exceptionally  high  number  of  expected  deaths,  additional  males  were  used  in  both  the  500  mg/nr  and  1,000  nig/ ill3 
groups. 
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2.2.3  Single-Generation  Study. 

Groups  of  12  12-weck-old  mate  rats  were  exposed  to  each  exposure  condition  I S  minutes/day. 

5  (lays/week,  for  10  weeks  to  cover  a  complete  spermutogenic  cycle.  Groups  of  24  12-week-oKl  virgin 
female  rats  were  exposed  similarly  for  3  weeks  to  cover  4  to  5  estrogenic  cycles,  which  were  timed  to 
coincide  with  the  last  3  weeks  of  exposure  of  the  mates.  The  following  week,  thv  animals  were  caged 
for  mating,  two  females  per  male.  Exposure  of  the  females  was  continued  but  exposure  of  the  males 
was  ended.  Gravid  females  were  exposed  through  their  entire  gestation  period  and  continued  to  be 
exposed,  after  whelping,  with  their  neonates.  Exposure  for  each  dam  and  litter  ended  when  the 
neonates  were  21  days  old.  During  this  period,  each  pup  was  re-examined  and  weighed  24  hours, 

4,  7,  14,  and  21  days  after  birth.  After  weighing  on  day  21,  two  pups  of  each  sex  front  each  Utter 
were  euthanatized  and  examined  for  gross  external  and  visceral  abnormalities.  If  no  abnormalities 
were  found  in  these,  the  remaining  pups  were  assumed  to  be  normal  and  were  euthanatized  and 
discarded.  If  abnormalities  were  found  among  the  first  four,  then  each  remaining  pup  in  the  litter 
was  euthanatized  and  examined  to  determine  the  frequency  of  the  abnormalities  within  the  litter. 

The  data  from  this  study  were  analyzed  using  Student’s  “t"  test.  The  experimental  design  appears  in 
table  3. 


Table  3.  Single-Generation  Reproduction  Study  Experimental  Design 


Group 

Number  of  males 
exposed 

10  weeks  prior 
to  mating 

Number  of  females 
exposed 

3  weeks  prior 
to  mating 

Number  of 
females 
mated  to 
each  male 

Weighing  days 
for  pups  after 
parturition 

Number  of  autopsied  pups  from 
each  litter  for  gross  external 
and  visceral  examination 

Air  control 

12 

20 

> 

1.4.  7.  H.tdHl  2! 

4  (2  nudes,  >  females) 

Smoke, 

Wr-felt. 

500  ing/nr 

12 

20 

2 

1,4,7,  14.  and  21 

4(2  males,  2  females) 

Smoke, 

WIMelt. 

1,000  mg/nr 

20+ 

32+ 

3+ 

1,4.  7,  14,  and  21 

4  (2  males.  2  females) 

+I)ue  to  an  exceptionally  high  number  of  anticipated  deaths  (reference  2),  additional  males  and  females  were  used  in  the 
1 ,000  mg/m-'  group. 


3.  RESULTS 

3.1.  Teratology. 

Iwenty  dams  were  randomly  selected  from  among  the  24  in  the  air  control  and  500  mg/nr* 
dose  groups.  I  hose,  along  with  the  18  surviving  dams  in  the  1,000  mg/rn^  dose  group,  were 
euthanatized  using  CO  a.  The  fetuses  were  Caesarean  derived,  counted,  sexed,  and  weighed.  T  he 
pregnancy  data  for  the  dams,  the  number  and  condition  of  the  implants,  and  fetal  weight  appear  in 
table  4.  There  were  three  major  external  abnormalities  found  among  the  fetuses:  unilateral 
anophthalmia  in  one  control  fetus,  a  short  tongue  in  one  low-dose  fetus,  and  brachygnathia  in  one 
high-dose  fetus. 
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Table  4.  Teiatologic  Effects  on  Pups  of  Female  Rats  Euthanatized  on  Day  20 
after  Inhalation  of  Smoke,  WP-Felt,  During  Organogenesis 


Condition 

Dose  level  f 

Air  control 

500  mg/m^ 

Number  of  pregnant  females 

20 

20 

18 

Percent  pregnant 

100 

100 

90 

Total  implants 

238 

242 

221 

Live  implants 

225 

236 

206 

Dead  implants 

13 

6 

15 

Percent  dead  implants 

5.46 

2.43 

6.79 

Mean  weight  in  grams 

Male 

Female 

3.91  ±  3.32 

3.76  ±  0.34 

3.83  ±  0.36 

3.67  t  0J0 

3.87  ±  0.38 

3.66  ±  0.40 

Mean  body  weight  of  all  pups 

3.R4  ±  0.33 

3.76  ±  0.34 

3.77  ±  0.40 

Average  implants  per  pregnant  female 

11  90  i  1.45 

12.10  ±  1.37 

12.28  ±  1.96 

Average  live  implants  per  pregnant  female 

11.25  ±  1.41 

11.80  i  1.61 

11.44  ±  2.28 

Average  dead  implants  per  pregnant  female 

0.65  ±  0.67 

0.30  ±  0.57 

0.83  ±  1.10 

Upon  examining  the  fetuses  fixed  in  Bouin’s  solution  for  visceral  abnormalities,  it  was 
determined  that  nine  of  the  fetuses  in  the  high-dose  group  had  right  ductus  arteriosus.  One  fetus  in 
the  high-dose  group  exhibited  brachygnathia,  five  had  prominent  renal  pelvises,  and  one  had  narrow 
atria  and  a  thin-walled  heart.  Three  fetuses  in  the  high-dose  group  had  ectopic  testicles.  One  fetus  in 
the  low-dose  group  had  signs  of  hemorrhaging  around  the  eyes  and  one  had  a  short  tongue.  Three 
had  prominent  renal  pelvises,  one  had  narrow  atria,  four  had  ectopic  kidneys,  and  one  had  underdeveloped 
testicles.  One  fetus  in  the  control  group  exhibited  unilateral  anophthalmia.  Four  had  prominent  renal 
pelvises,  three  had  underdeveloped  testicles,  one  had  narrow  atria,  and  one  had  an  ectopic  kidney. 

The  brachygnathia.  narrow  atria,  thin-walled  hearts,  and  short  tongue  were  the  major  abnormalities 
seen  in  the  treated  groups  and.  aside  from  the  hemorrhaged  eyes  and  increased  incidence  of  ectopic 
kidneys  in  the  low-dose  group,  there  were  no  minor  variations  of  significantly  higher  frequency  in  the 
treated  groups  than  in  the  control  groups.  The  data  are  shown  in  table  5. 

Examination  of  the  skeletal  systems  of  the  fetuses  prepared  for  this  portion  of  the  study 
revealed  no  major  abnormalities.  There  were  several  minor  skeletal  variations.  Three  types  (14th  rib, 
hypoplasia  of  the  sternebrae,  and  dumbbell-shaped  vertebra)  were  most  frequent  in  the  low-dose  group 
and  two  other  types  (dumbbell-shaped  sternebrae  and  cleft  sternebrae)  were  highest,  or  equally  as 
high,  in  the  control  group.  Only  for  the  sixth  type,  hypoplasia  of  the  xyphoid  process,  was  the 
frequency  of  the  variation  highest  in  the  high-dose  group.  These  data  are  summarized  in  table  6. 

3..'  Dominant  Lethal  Mutation. 

The  males  used  in  this  study  had  successfully  impregnated  females  in  the  teratology  study. 
They  were,  therefore,  proven  males  and  each  male  again  successfully  impregnated  at  least  one  of  the 
females  made  available  in  each  of  the  ^o  mating  periods  (table  7). 
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Table  S.  WP-Felt  Smoke  Visceral  Variations  and  Abnormalities 


Visceral  variations 
and  abnormalities 


Prominent  renal  pelvis 
Ectopic  kidncy(s) 

Narrow  atrium 
Thin- walled  heart 
Reversed  ductus  arteriosus 
Underdeveloped  testicles 
Ectopic  testicles 
Hemorrhagic  eyes 
Anophthalmia,  unilateral* 
Short  tongue* 
Brachygnathia* 


Air 

control 


Low  dose, 
500  mg/m-* 


High  dose, 

1,000  mg/m^ 


*Abnonnalities. 


Table  6.  WP-Felt  Smoke  Skeletal  Variations 


Table  7.  WP-Felt  Dominant  Lethal  Mutation  -  Male  Fertility 


Controls 


Females  pregnant 


Week  1  Week  2 


Male 

number 


500  mg/m3  dose 


Females  pregnant 


Week  2 


Week  1 


i, wo  mg/m- 


Male 

number 


Females  pregnant 


Week  1  Week  2 


•Animals  3,  4,  5,  and  9  died  from  the  exposure  to  smoke. 


On  the  estimated  18th  day  of  gestation  (assuming  conception  occurred  during  the  first 
24  houts  of  cohabitation),  each  female  was  euthanatized  using  carbon  dioxide.  Examination  of  their 
uterine  horns  showed  that,  for  the  first  mating,  significantly  more  females  mated  to  males  which  had 
been  exposed  to  500  mg/m3  had  one  or  more  resorptions  (early  deaths)  than  did  females  mated  to 
control  males.  There  were  no  significant  differences  found  in  any  of  the  other  parameters  measured 
for  any  of  tire  other  groups,  including  the  second  mating  females  for  the  500  mg/m3  group.  All 
parameters  and  indices  appear  in  table  8. 


Single  Generation. 


In  this  study,  each  male,  except  one  in  the  control  group  and  one  in  the  500-mg/m3  dose 
group,  impregnated  at  least  one  of  the  females  available  for  mating.  Of  the  females  delivering,  none 
had  pups  which  showed  any  abnormalities.  There  were  no  significant  differences  among  the  three 
groups  in  the  number  of  pups  per  litter.  The  body  weights  of  the  pups  in  the  1,000-mg/m3  dose 
group  were  significantly  lighter  than  those  of  the  control  pups  on  the  first  and  each  subsequent 
weighing  day  as  determined  by  using  Student’s  “t”  test  at  p  =  0.05  (table  9). 


The  survivability,  viability,  and  lactation  indices  of  the  !,000-mg/m3  dose  group  were 
significantly  lower  than  those  of  the  500-mg/m3  and  control  groups  (table  10).  The  dams  and  pups 
in  the  1,000-mg/m3  group  were  weakened  by  each  exposure.  Nursing  often  did  not  resume  for  2  to 
3  hours  after  exposure. 
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rablo  8.  Reproductive  Dula  tor  Hemnle  Ruts  Muted  to  Mules  I'xposvd  to  WP-l'elt  Smoke 


Numbers  in  purentlieses  indicate  the  number  In  each  category. 


Group 

Week 

Number 

mated 

Number 

pregnant 

Ml 

C.L.I. 

l.l. 

P.I.L.I. 

IM. 

R.l. 

N.V.K/V.P. 

N.V.I-- 

>1 

N.V.P.  >3 

(183) 

(165) 

(18) 

(158) 

(7) 

7/158-0.04 

5/0 

36' ; 

3/13 

I4'( 

Air  control 

1 

30 

14 

70 

13.07 

1 1.70 

1.30 

11.30 

0.50 

053) 

(338) 

1  IS) 

(333) 

(15) 

15/333  -0.07 

o/to 

47'/f 

4/15 

3I'< 

J 

:o 

!‘> 

05 

13.33 

13.53 

0.70 

11.74 

0.70 

(357) 

(334) 

(33) 

(310) 

(14) 

14/310-0.07 

13/  6* 

68'4 

l/IK 

5'v 

SOI)  mg,  nr' 

1 

.'o 

05 

13.53 

1 1.70 

1.74 

11.05 

0.74 

1 

:o 

100 

(378) 

(350) 

110) 

(340) 

(10) 

10/340  -  0.04 

7/13 

35'j 

3/17 

1 5'( 

H 1 

13.00 

1 3.05 

0.0.5 

13.45 

0.50 

■K 

(35(>) 

(336) 

(30) 

(315) 

III) 

11/315 -0.05 

8/ 1 0 

44'.; 

3/16 

1  I'l 

1 .000  mg  nr* 

1 

:o 

r  ■■■;  \ 

00 

14.33 

1 3.56 

1.67 

1 1 .04 

0.61 

(355) 

(310) 

(36) 

(315) 

14) 

4/315-0.03 

4/14 

22" 

0/18 

.’0 

00 

14.17 

13.17 

3.00 

1 1 .04 

||g 

NOTI  Abbreviations  used: 

total  number  of  females  pregnant 

M.l. (mating  index)"-— - - - — - . X  100 

total  number  of  females  mated 


total  number  of  corpora  lutca 

C.L.I.  (corpora  lutca  index) »  nurnt,rr  „f  pregnant  females 


I.MiinplantalKm  Index) 

P.I.L.I.  (pre-implantation  loss  index) 


total  number  of  Implantation  sites 
total  number  of  pregnant  females 

total  number  of  corpora  lutea-tola)  number  of  implantation  sites 
total  number  of  pregnant  females 

total  number  of  viable  fetuses 
F.MMul  index)  ,0|,|  mlmhcr  0f  pregnant  females 

total  number  of  (early  plua  late)  deaths 


K.Musorption  index) « 


total  number  of  pregnant  females 


total  number  of  nonviablc  fetuses 
.V.K/V.I .  total  number  of  viable  fetuses 


N.V.h  >  | 


total  number  of  females  with  one  or  more  nonviablc  fetuses 
total  number  of  females  with  zero  nonviablc  fetuses 


total  number  of  femlica  with  two  or  more  nonviablc  fetuses 

N.V.H.  >  X  m  . *  i  -I  i  .  — 

total  number  ot  females  with  one  or  zero  nonviablc  fetuses 

•  Significant  at  p  »  0.05 


IS 


Table  *>.  Reproductive  Data  on  Dams  and  Litters  I  xposed  to  Wl’-l  elt  Smoke 


*SD  =  standard  deviation. 

^Significant  by  Students  “t”  test  at  p  *  0.05. 


Table  10.  Viability,  Survival,  and  Lactation  Indices  in  a  Single  Generation  During 
Exposure  to  White  Phosphorus-Felt  Smoke  for  Rat  Pups 


Index* 

Control 

Low  dose, 

500  mg/m^ 

High  dose, 

1,000  mg/m^ 

Viability 

0.99 

0.93 

0.64+ 

21 -Day  survival 

0.98 

0.92 

0.3 1+ 

Lactation 

0.99 

0.99 

0.48+  | 

number  of  pups  alive  after  24  hours 


•Viability  = 


number  of  pups  born  alive 


\ 


number  of  pups  alive  on  day  21 

21 -Day  survival  -  - - - - - r - - - - 

number  of  pups  alive  on  day  4 

number  of  pups  alive  on  day  21 

Lactation  = 

number  of  pups  born  alive 


+Significant  at  p  =  0.05. 
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4.  DISCUSSION 

The  major  teratogenic  effects  observed  in  this  study  included  one  case  each  of  unilateral 
anophthalmia  and  narrow  atria  in  the  control-group  fetuses;  one  fetus  in  the  low-dose  group  had  a 
short  tongue  and  one  had  narrow  atria;  brachygnathia  was  seen  in  one  and  narrow  atria  and  thin-walled 
heart  in  another  fetus  in  the  high-dose  group.  Ectopic  kidneys  were  observed  but  are  considered  to 
be  minor  variations.  Right  ductus  arteriosus  was  observed;  but,  because  this  condition  was  not  considered 
major  in  a  report  by  Baird,  etal.,1  it  was  considered  as  minor  in  this  study.  Inconsistencies  made  it 
difficult  to  identify  WP-felt  smoke  as  the  causative  factor  for  the  abnormalities  since  the  occurrences 
were  singular  and  were  not  supported  in  the  single-generation  study;  i.e.,  no  pups  were  bom  with 
short  tongues  or  brachygnathia  or  any  other  gross  abnormalities.  Other  variations  noted  were  considered 
minor  and  would  be  expected  to  normalize  with  continued  development  of  the  fetuses  (e.g.,  ectopic 
testicles  and  kidneys  would  descend  to  the  proper  areas). 

In  the  dominant  lethal  mutation  study,  the  successful  matings  by  the  males  eliminated  the 
possibility  that  WP-felt  smoke  inhalation  causes  male  sterility.  Significantly  more  dams  mated  to  males 
in  the  low-dose  group  during  the  first  week  following  the  exposure  had  at  least  one  resorption  site 
as  compared  with  dams  mated  to  control  males.  The  absence,  however,  of  a  significantly  higher 
resorption  rate  in  the  high-dose  group  mating  meant  there  was  no  dose-related  response;  i.e.,  no 
increase  in  the  number  of  resorptions  per  dam  in  the  high-dose  mated  group  over  the  low-dose  and 
cortrol  mated  groups. 

The  single-generation  study  allows  for  checks  on  the  teratology  and  dominant  lethal 
mutation  studies.  In  this  study,  there  were  no  signs  of  teratogenic  effects.  Therefore,  it  is  assumed 
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that  the  effects  seen  in  the  teratology  study  were  not  compound  related.  Had  the  increase  in  the 
number  of  lams  with  resorptions  which  were  mated  to  males  exposed  to  the  low  dose  been  compound 
related,  one  would  expect  to  see  significantly  smaller  litters  in  the  single-generation  study.  This  was 
not  so  in  this  study.  Though  the  mean  litter  size  in  the  single  generation  was  smaller  for  the  low-dose 
group  and  smallest  for  the  high-dose  group,  neither  mean  was  significantly  smaller  than  the  controls. 

It  was  observed,  however,  that  the  mean  body  weight  for  the  pups  in  the  high-dose  group  was 
significantly  lower  than  the  mean  body  weight  for  the  control  pups,  as  were  the  survivability  and 
viability  indices.  It  cannot  be  ascertained,  however,  whether  this  was  a  result  of:  (1)  the  dams  not 
allowing  the  young  to  nurse  (the  dams  often  rested  some  distance  from  the  pups  immediately  after 
being  returned  to  the  home  cage  following  exposure);  (2)  the  young  not  being  able  to  nurse  because 
of  esophogeal  irritation  after  each  exposure;  or  (3)  a  combination  of  the  two.  Not  to  be  excluded 
from  consideration  was  the  general  weakened  state  of  the  dams  and  pups  caused  by  inhaling  so  much 
particulate  matter.  No  adverse  effects  were  seen  in  the  low-dose  group. 

S.  SUMMARY 

The  effect  of  exposure  to  airborne  white  phosphorus  smoke  at  concentrations  of  500  and 
1,000  mg/m3  on  reproduction  in  the  rat  was  investigated.  Studies  conducted  included  teratology,  dominant 
lethal  mutation,  and  single-generation  reproduction. 

In  the  teratogenicity  study,  one  fetus  in  the  high-dose  exposure  group  exhibited  brachygnathia 
and  one  had  narrow  atria  and  a  thin-walled  heart.  One  fetus  in  the  low-dose  exposure  group  exhibited 
a  short  tongue,  and  one  had  narrow  atria.  One  fetus  from  a  control  dam  exhibited  unilateral  anophthalmia 
and  one  had  narrow  atria.  With  only  single  incidences  of  the  malformations  occurring  in  each  group 
and  none  in  the  Fj  offspring  from  the  single-generation  study,  the  variations  were  noted  but  not 
considered  to  be  significant.3 

In  the  dominant  lethal  mutation  study,  significantly  more  of  the  dams  which  were  mated  to 
males  exposed  to  the  low  dose  during  the  first  week  following  exposure  had  at  least  one  resorption 
as  compared  with  dams  mated  to  control  males.  This  was  not  true  for  week  two  dams  mated  to 
males  from  either  exposure  group.  Neither  were  the  mean  iitter  sizes  from  either  exposure  group  in 
the  single-generation  study  significantly  smaller  than  that  for  the  control  group.  So,  again,  there  was 
no  dose  relation  and  no  support  in  the  single-generation  study  for  the  dominant  lethal  mutation  study 
findings. 


In  the  single-generation  study,  the  mean  body  weights  were  significantly  lower  for  the  pups 
in  the  high-dose  group  on  each  of  the  five  scheduled  weighing  days.  The  longer  exposure  did  affect 
the  dams’  eating  ability  as  well  as  that  of  the  pups.  The  survivability  and  viability  of  the  pups  was 
significantly  decreased  below  that  of  the  control  pups. 

It  is  apparent  that,  although  WP-felt  smoke  causes  no  obvious  effects  on  reproductive 
processes,  exposure  to  high  amounts  for  long  periods  of  time  can  decrease  the  quality  of  life  and 
indeed  life  expectancy  in  the  rat. 


18 


LITERATURE  CITED 


1.  Wasti,  K.,  Abaidoo,  K.J.R.,  and  Villaume,  J.  E.  A  Literature  Review  -  Problem 
Definition  Studies  on  Selected  Toxic  Chemicals.  Volume  2:  Occupational  Health  and  Safety  Aspects 
of  Phosphorus  Smoke  Compounds.  Science  Information  Services  Department.  The  Franklin  Institute 
Research  Laboratories,  Philadelphia,  Pennsylvania.  April  1978. 

2.  Brown,  B.  J.,  Affleck,  G.,  Cummings.  E.,  Farrand,  R.,  Starke,  W.,  Weimer,  J., 
Ghumman,  M,,  and  Pellerin,  R.  ARCSL-TR-80068.  The  Subchronic  Effects  of  Repeated  Exposure 
to  White  Phosphorus/Felt  Screening  Smokes  in  Rats.  May  1981. 

3.  D’Aguanno,  W.  Guidelines  for  Reproduction  Studies  for  Safety  Evaluation  of  Drugs 
for  Human  Use.  In:  FDA  Introduction  to  Total  Drug  Quality.  Department  of  Health,  Education, 
and  Welfare  Publication  No.  (FDA)  74-3006.  November  1973. 

4.  Wilson,  J.  G.  Environment  and  Birth  Defects.  Academic  Press,  Inc.,  New  York,  New 
York.  1973. 

5.  LaLonde,  M.  The  Testing  of  Chemicals  for  Carcinogenicity,  Mutagenicity,  and 
Teratogenicity.  Ministry  of  Health  and  Warfare,  Canada.  1975. 

6.  Hurley,  L.  S.  Demonstration  “A”,  Alizarin  Staining  of  Bone.  Supplement  of 
Teratology  Workshop  Manual  (revised),  pp  121-122.  Berkeley,  California.  1965. 

7.  Baird,  C.D.C.,  Nelson,  M.  M.,  Monie,  I.  W.,  and  Evans,  H.  M.  Congenital  Cardio¬ 
vascular  Anomalies  Induced  by  Pteroylglutamie  Acid  Deficiency  During  Gestation  in  the  Rat. 
Circulation  Research  2,  544  (1954). 


DISTRIBUTION  LIST  3 


N**e*  Cop  I •» 

CMtMiCAt  SYSTEMS  LABORATORY 

ATTN:  OROAR-CLB  I 

ATTN:  DROAR-CLB-C  I 

ATTN:  DR0AP-CL8-R  1 

ATTN:  OROAR-CLB-T  I 

ATTN:  OROAR-CLB-TE  1 

ATTN:  ORDAR-CLC-B  1 

ATTN:  DROAR-CLC-C  1 

ATTN:  OROAR-CLF  I 

ATTn:  DRDAR-CLJ-R  2 

ATTN:  PROAR-CLJ-L  2 

ATTN:  OROAR-CLJ-M  1 

ATTN:  CRDAR-CLN  1 

ATTN:  OROAR-CLN-S  t 

ATTN:  OROAR-CLN-ST  1 

ATTN:  ORDAR-CLT  t 

ATTN:  DROAR-CLY-A  1 

ATTN:  ORDAR-CLY-R  1 

COPIES  FOR  AUTHOR(S) 

Research  Division  3 

RECORD  COPY:  DROAR-CLB-A 

DEPARTMENT  OF  DEFENSE 

Defense  Tochnlcal  Information  Center 
ATTN:  OTlC-ODA-2  2 

Cameron  Station,  Building  5 
Alexandria,  v*  22314 

Director 

Defense  Intelligence  Agency 

ATTN:  DR-4G1  1 

Washington,  OC  20301 

DEPARTMENT  OF  THE  ARMY 

HODA 

ATTN:  OAMO-NCC  1 

ATTN:  DAMO-NC/COL  Robinson  I 

WASH  DC  20310 


Names  Copies 


HQ  DA 

Office  of  the  Deputy  Chief  of  Stuff  for 
Research,  Development  4  Acquisition 
ATTN  I  DAMA-CSS-C  1 

Washington,  OC  20310 

HQ  Sixth  US  Army 

ATTN:  AFKC-OP-NBC  1 

Presidio  of  San  Francisco,  CA  94129 

Commander 
DARCOM,  STITEUR 

ATTN:  DRXST-ST I  1 

Box  48,  APO  New  York  09710 

Coh»-s»»der 

OSASTCFEO 

ATTN:  MAJ  Mlkeworth  1 

APO  San  Francisco  96328 

Army  Rasaarch  Office 

ATTN;  DRXRO-CB  (Dr.  R.  Ghlrardelll)  1 

P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 
OFFICE  OF  THE  SURGEON  GENERAL 
Commander 

US  Army  Medical  Bioengineering  Research 
and  Development  Laboratory 
ATTN:  SGRD-UBD-AL,  Bldg  368  1 

Fort  Detrlck,  Frederick,  MD  21701 

Commander 

USA  Medical  Rasaarch  Institute  of 
Chemical  -Defense 

ATTN:  SGRD-UV-L  1 

Aberdeen  Proving  Ground,  MO  21010 


Preceding  Page  Blank 


21 


US  ARMY  ARMAMENT  RESEARCH  AND 
DEVELOPMENT  COMMAND 


_ — rx  :  i 


Commandant 

Academy  of  Health  Sciences,  US  Army 

ATTN:  HSHA-CDH 

ATTN:  HSHA-IPM 

Fort  Sam  Houston,  TX  78234 

US  ARMY  MATERIEL  DEVELOPMENT  AND 
READINESS  COMMAND 


Commander 

US  Army  Materiel  Development  and 
Readiness  Command 

ATTN:  ORCIDC  1 

ATTN:  DRCSF-P  I 

3001  Elsenhower  Ave 
Alexandria,  VA  22333 

Commander 

US  Army  Foreign  Science  &  Technology  Center 
ATTN:  DRXST-ITC  i 

220  Seventh  St. ,  NE 
Charlottesville,  VA  22901 

Dl rector 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  ORXSY-MP  1 

ATTN:  DRXSY-C A  (Mr.  Metz)  2 

Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  Army  Missile  Command 
Redstone  Scientific  Information  Center 
ATTN:  ORSMI-RPR  (Documents)  1 

Redstone  Arsenal,  AL  35809 

D  i  rector 

DARC0M  Field  Safety  Activity 

ATTN:  DRXOS-SE  (Mr.  Yutmeyer)  1 

Charlestown,  IN  47)11 


Commander 

US  Army  Armament  Research  and 
Development  Command 
ATTN:  DRDAR-LCA-L 
ATTN:  DRDAft-LCE-C 
ATTN:  DRDAR-ICU-CE 
ATTN:  DRDAR-NC  (COL  Fields) 

ATTN:  0R0AR-SCA-T 

ATTN:  DRDAR-SCF 

ATTN:  DRDAR-SCP 

ATTN:  DRDAR-SCS 

ATTN:  DRDAR-TDC  (Dr.  D.  Gyorog) 

ATTN:  DRDAR-TSS 

ATTN:  DRCPM-C AWS-AM 

Dover,  NJ  07801 

Commander 

ARRADCOM 

ATTN:  DRDAR-QAC-E 

Aberdeen  Proving  Ground,  MD  21010 

Ol rector 

USA  Ballistic  Research  Laboratory 
ARRADCOM 

ATTN:  DRDAR-TSB-S 

Aberdeen  Proving  Ground,  MD  21005 

US  ARMY  ARMAMENT  MATERIEL  READINESS 
COMMAND 


Commander 

US  Army  Armament  Matorlel  Readlnoss  Command 
ATTN:  DRSAR-ASN  1 
ATTN:  DRSAR-IRI-A  1 
ATTN:  DRSAR-IEP-L  1 
ATTN:  DRSAR-SF  1 
Rock  Island,  IL  61299 


Commander 


US  Army  Dugway  Proving  Ground 
ATTNs  Technical  Library  (Docu  Sect) 
Dugway,  UT  64022 

US  ARMY  TRAINING  4  DOCTRINE  COMMAND 
Commandant 

US  Army  Infantry  School 
ATTN:  CTDD,  CSD,  NBC  Branch 
Fort  Banning,  GA  31905 

Commandant 

US  Army  Missile  &  Munitions  Center 
and  School 
ATTN:  ATSK-CM 
Redstone  Arsenal,  AL  35609 

Commander 

US  Army  Logistics  Center 
ATTN:  ATCL-MG 
Fort  Lee,  va  23601 

Commandant 

US  Army  Chemical  School 
ATTN:  AT2N-CM-C 
ATTN:  ATZN-CM-AD 
Fort  McClellan,  Au  36205 

Commander 

USAAVNC 

ATTN:  ATZQ-D-MS 
Fort  Rucker,  AL  36362 

Commandor 

US  Army  Infantry  Center 
ATTN:  ATSH-CD-MS-C 
Fort  Banning,  GA  31905 

Commander 

US  Army  Infantry  Center 
Directorate  of  Plans  &  Training 
ATTN:  ATZB-DPT-P0-NBC 
Fort  Oonnlng,  GA  31905 
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Commander 

I'SA  Training  and  Doctrine  Command 

ATTN:  ATCD-N 

Fort  Monroe,  VA  23651 

Commender 

US  Army  Armor  Center 
ATTN:  ATZK -CO-MS 
ATTN:  ATZK-PPT-P0-C 
Fort  Knox,  KY  40121 

Commander 

USA  Combined  Arms  Center  and 
Fort  Leavenworth 
ATTN:  ATZL-CAM- IM 
Fort  Leavenworth,  KS  66027 

US  ARMY  TEST  4  EVALUATION  COMMAND 
Commander 

US  Army  Test  4  Evaluation  Command 
ATTN:  DRSTE-CM-F 
ATTN:  DRSTF-CT-T 

Aberdeen  Proving  Ground,  MD  21005 

DEPARTMENT  OF  THE  NAVY 

Of  f lcer-1 n-Charge 
Marine  Corps  Detachment 
Naval  Explosive  Ordnance  Disposal 
Technology  Center 
Indian  Head,  MD  20640 

Chief,  Bureau  of  Medicine  4  Surgery 
Department  of  the  Navy 
ATTN:  MED  3C33 
Washington,  0C  20372 

Commanding  Officer 
Naval  Weapons  Support  Center 
Applied  Sciences  Department 
ATTN:  Code  50C,  Bldg  190 
Crane,  IN  47522 

Commander 

Navel  Air  Development  Center 

ATTN:  Code  2012  (Dr.  Robert  Heimbold) 

Warminster,'  PA  16974 
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US  MARINE  CORPS 

Commanding  General 
Marine  Corps  Development  and 
Education  Command 

ATTN:  Fire  Power  Division,  D09 1  1 

Quantlco,  VA  22134 

DEPARTMENT  OF  THE  AIR  FORCE 


HO  AFLC/IOWMM  1 

Wr  Ight-Patterson  AFB,  OH  45433 

HQ  AFSC/SDZ  1 

ATTN:  CP f  D.  Rledlger 

Andrews  AFO,  MD  20334 

USAF  TAWC/THL  1 

Eglln  AFB,  FL  32542 

USAF  SC 

ATTN:  AO/YQ  j 

ATTN:  AD/YQO  (MAJ  Owens)  I 

Eglln  AFB,  FL  32542 

AFAMRL/TS 

ATTN;  COL  Johnson  1 

Wr  lyht-Potterson  AFB,  OH  45433 


OUTSIDE  AGENCIES 

Battel le,  Columbus  Laboratories 
ATTN:  TACTEC 
505  King  Avenue 
Columbus,  OH  43201 

Toxicology  Information  Center,  jh  652 
National  Research  Council 
2101  Constitution  Ave* ,  NW 
Washington,  DC  20416 

ADDITIONAL  ADDRESSEES 
Commander 

217th  Chemical  Detachment 

ATTN:  AFVL-CD 

Fort  Knox,  KY  40121 

Headquarter s 

US  Army  Medical  Research  and 
Development  Commend 
ATTN:  S6RD-RMS 
Fort  DetrlcK,  MD  21701 

Commander 

US  Army  Environmental  Hygiene  Agency 
ATTN:  Librarian,  Bldg  2100 
Aberdeen  Proving  Ground,  MD  21010 

Naval  Resoarch  Laboratory 
Codo  5325,2 

ATTN:  L,  Moskowltz 

Washington,  DC  20375 


